Background: Although international comparisons reveal large geographical differences in the incidence of breast and gynaecological cancers, incidence data for ethnic groups in England remains scarce. Methods: We compared the incidence of breast, ovarian, cervical and endometrial cancer in British Indians, Pakistanis, Bangladeshis, Black Africans, Black Caribbeans, Chinese and Whites between 2001 and 2007. We identified 357,476 cancer registrations from which incidence rates were calculated using mid-year population estimates from 2001 to 2007. Ethnicity was obtained through linkage to the Hospital Episodes Statistics database. Incidence rate ratios were calculated, comparing the 6 non-White ethnic groups to Whites, and were adjusted for age and income. Results: We found evidence of differences in the incidence of all 4 cancers by ethnic group (p < 0.001). Relative to Whites, South Asians had much lower rates of breast, ovarian and cervical cancer (IRRs of 0.68, 0.66 and 0.33 respectively), Blacks had lower rates of breast, ovarian and cervical cancer but higher rates of endometrial cancer (IRRs of 0.85, 0.62, 0.72 and 1.16 respectively), and Chinese had lower rates of breast and cervical cancer (IRRs of 0.72 and 0.68 respectively). There were also substantial intra-ethnic differences, particularly among South Asians, with Bangladeshis experiencing the lowest rates of all 4 cancers. Conclusions: Our study provides evidence that the risk of breast and gynaecological cancers varies by ethnic group and that those groups typically grouped together are not homogenous with regards to their cancer risk. Furthermore, several of our findings cannot be readily explained by known risk factors and therefore warrant further investigation.
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Background
Together, breast and gynaecological cancers make up a third of all female cancer registrations in England [1] . Worldwide, they cause 0.7 million deaths each year, with breast and cervical cancer among the top 3 biggest causes of cancer-related death among females [2] .
There is considerable geographic variation in the incidence of these cancers; whilst breast, ovarian and endometrial cancers are roughly twice as common in developed compared to developing countries, the reverse is true of cervical cancer for which 85% of new cases occur in less developed regions [2] .
Studying migrant populations may provide insights into the risk factors underlying these differences and inform the planning of healthcare provision among minority ethnic groups [3] . In addition, as similar diagnostic, reporting and registration procedures are used, such studies overcome many of the limitations of international comparisons [3] .
Non-White ethnic groups comprise around 14.1% of the English and Welsh population, the largest group being South Asians (Indians, Pakistanis and Bangladeshis), followed by Blacks (Black Africans and Black Caribbeans) and Chinese [4] . Results from previous studies suggest that South Asians experience much lower rates of breast cancer and slightly lower or similar rates of ovarian, cervical and endometrial cancer compared to Whites [5] [6] [7] [8] . Studies among Blacks reveal lower rates of breast and ovarian cancer and slightly higher rates of cervical and endometrial cancer [5, 9, 10] .
However, data on the incidence of these cancers by ethnic group remains very limited, particularly for the gynaecological cancers. Furthermore, the terms South Asian and Black encompass a number of more specific ethnicities, each with their own unique lifestyle, culture and characteristics. Until recently, it has been difficult to obtain reliable ethnicity information for these individual ethnic groups [11] , and most studies have tended to group them together under broader categories instead. However, it is now possible to link cancer registrations to self-assigned ethnicity data recorded on the Hospital Episodes Statistics database (HES) (http://www.hscic. gov.uk/hes), providing more reliable, higher resolution ethnicity information [11] .
This study sought to explore differences in the incidence of breast and gynaecological cancers between Indians, Pakistanis, Bangladeshis, Black Africans, Black Caribbeans, Chinese and Whites in England between 2001 and 2007 using self-assigned ethnicity.
Methods
The methods used in this study were broadly the same as those described in our previous studies [12, 13] .
Data collection
The National Cancer Intelligence Network (NCIN) provided data for all cancer registrations from January 2001 to December 2007 for residents in England. For each registration, the following information was given: cancer site coded to the International Classifications of Diseases, 10th Revision (ICD-10) [14] ; deprivation assessed from the income domain of the Index of Multiple Deprivation 2007 (IMD 2007) [15] ; age at diagnosis of cancer; and ethnicity. We used mid-year population estimates produced by the Office for National Statistics (ONS) from 2001-2007, stratified by age and ethnicity. Population data stratified by national quintiles of the income domain were provided by the ONS based on the 2001 census and the same distributions applied to population data by age and ethnicity for the 2001-2007 midyear population estimates.
Classification of ethnicity
The NCIN obtained the self-assigned ethnicity for each cancer registration by record linkage to the HES database. If a cancer registration could not be linked, or if ethnicity was missing on the HES database, ethnicity was assigned using the cancer registry data. Prior to April 2001, ethnicity was classified by HES and the cancer registries according to the codes used in the 1991 census. After April 2001, the codes were amended to those used in the 2001 census, although 1991 ethnicity codes were accepted until 2003. For the analyses presented in this paper, ethnicity was classified as White ('White' from the 1991 Census and 'White British' from the 2001 Census), Indian, Pakistani, Bangladeshi (with the three groups combined to form the category 'South Asian'), Black African, Black Caribbean (again both combined to form the category 'Black') and Chinese. (Sri Lankans are not recorded as a separate ethnic group in the census or HES data and so are not included in our analysis).
Classification of malignancies
We included cancers of the breast (ICD-10 code: C50), ovary (C56-57), cervix (C53) and endometrium (C54).
Statistical analyses
We estimated age standardised rates (ASRs) of each cancer per 100,000 person-years for all ethnic groups using direct standardisation to the 1960 Segi world population [16] , with age at diagnosis of cancer being classified into 6 categories: <40, 40-49, 50-59, 60-69, 70-79, and ≥ 80 years. We used Poisson regression to estimate incidence rate ratios (RRs) comparing each ethnic group, and the two combined categories of South Asian and Black, to Whites adjusting for age and income.
When comparing South Asians and Blacks to Whites, we present results as IRRs and 99% confidence intervals (CIs). When comparing the individual ethnic groups, results are presented as IRRs and 99% floating confidence intervals (FCIs). FCIs were calculated using the method of floating absolute risks [17] and enable valid comparisons between any two ethnic groups, even if neither one is the baseline. We calculated 99% CIs because of multiple tests performed across ethnic groups.
We performed a pre-specified subgroup analysis by age for breast cancer, with cases divided into those aged under 50 and those aged 50 or above. We decided not to analyse the gynaecological cancers by age as case numbers were too low.
Tests of heterogeneity of IRRs between ethnicities, either overall or restricted to South Asians or Blacks, were performed using likelihood χ 2 ratio tests. The test of heterogeneity of IRRs between the younger and older age group for breast cancer was performed for South Asians, Blacks and Chinese using a χ 2 contrast test.
Because ethnicity information was not complete for all registered cancers, we used multiple imputations to assess the effect the missing values of ethnicity had on our results. We generated 40 datasets with imputed values of ethnicity using a multinomial logistic regression model where the predictor variables were age, deprivation (income) and site of cancer. We performed our primary analysis examining the effect of ethnicity on cancer for each dataset. The resulting IRRs were combined using Rubin's combination rules [18] .
We performed all analyses using Stata V.12 and R statistical software packages. 
Graphical presentation of results
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Comparison to rates in countries of origin
We also compared the ASRs for each ethnic group in England to rates from their country or region of origin using data from the Globocan database [2] , which is also standardised to the Segi world population [16] .
This study was approved by the Oxford Research Ethics Committee. Table 1 shows the demographic characteristics of each ethnic group. Bangladeshis, Pakistanis and Black Africans have the youngest populations, with only around 10% of their population being over 50 years old. These groups also have the highest levels of deprivation (as measured by the income domain of the IMD 2007), with Whites and Chinese being the least deprived groups. Around half of South Asians and Black Caribbeans were born in the UK compared to only around 30% of Blacks Africans and Chinese. Table 2 shows the number of cancer registrations and missing ethnicity values for each cancer by individual ethnic group. Overall, there were 357,476 cases, of which 72,985 (20.4%) had no recorded ethnicity data. When analysed by age, the percentage of breast cancer cases with missing ethnicity for under and over 50s was 17.5% and 21.8% respectively (data not shown).
Results
Figures 1 and 2 show the age-standardised incidence rates and rate ratios (adjusted by age and income) for each ethnic group compared to Whites for breast and gynaecological cancers respectively. For all 4 cancers, there was significant heterogeneity between the individual ethnic groups (all p < 0.001).
For breast cancer (Figure 1 ), all 6 non-White ethnic groups experienced lower incidence rates compared to Whites. Incidence was lowest among South Asians, at around 70% that of Whites. However, there was considerable heterogeneity within the group; whilst Indians and Pakistanis experienced similar rates, rates among Bangladeshis were considerably lower (IRRs of 50.7, 51.8 and 28.1 respectively; p < 0.001), at around 40% that of Whites. Rates among Blacks were around 15% lower than those of Whites, with little difference between Black Africans and Black Caribbeans. Chinese experienced similar rates to South Asians, with incidence rates around 30% lower than those of Whites. Sub-group analysis of breast cancer cases revealed strong evidence of heterogeneity by age in both South Asians and Blacks. Among South Asians, the IRR was lower among under 50s compared to over 50s (IRRs of 0.63 and 0.71 respectively; p = 0.002). Blacks, on the other hand, showed the reverse pattern, with under 50s showing no difference to Whites and over 50s experiencing rates around 20% lower than Whites (IRRs of 0.96 and 0.78 respectively; p < 0.001). There was no evidence of heterogeneity by age for Chinese.
For ovarian cancer ( Figure 2 ), incidence was lowest among South Asians and Blacks, at around 60-65% that of Whites. However, within the South Asian group there was strong evidence of heterogeneity, with Indians and Bangladeshis experiencing lower rates compared to Pakistanis (IRRs of 0.59, 0.56 and 0.84 respectively; p < 0.001). Similarly, there was also evidence of heterogeneity within the Black group, with Black Africans experiencing slightly higher rates than Black Caribbeans (IRRs of 0.74 and 0.56 respectively; p = 0.01). No difference was observed between Chinese and Whites.
For cervical cancer ( Figure 2 ), incidence was lowest among South Asians, with rates approximately two thirds lower than those of Whites. There was little evidence of heterogeneity within this group. Rates among Blacks and Chinese were higher, at around 70% those of Whites. Again, there was limited evidence of heterogeneity within the Black group.
For endometrial cancer (Figure 2) , there was little difference in incidence between South Asians and Whites. However, there was strong evidence of heterogeneity within the group, with Bangladeshis experiencing around half the rates of Indians and Pakistanis (IRRs of 0.48, 0.94 and 0.94 respectively; p < 0.001). Rates among Blacks were slightly higher than those of Whites, with no difference observed between Black Africans and Black Caribbeans. Chinese had a slightly higher IRR than Blacks but the confidence intervals were wide.
Sensitivity analysis
Assigning missing ethnicity values using multiple imputation generated results very similar to those obtained in our main analysis (Additional file 1: Figure S1 ).
Comparison to rates in country of origin Table 3 shows a comparison of our data with international incidence data from Globocan. For breast cancer, incidence rates from our study were higher than those of the countries of origin, with the exception of Bangladesh for which rates were very similar. For ovarian cancer, rates for all ethnicities were all slightly lower in the countries of origin, especially for China. Cervical cancer rates were higher in the country of origin for all ethnicities, particularly among South Asians. Rates of endometrial cancer were slightly lower in the country of origin for Indians, Pakistanis, Bangladeshis and Black Africans, and higher for Black Caribbeans and Chinese.
Discussion
Using self-assigned ethnicity, we compared the incidence of breast and gynaecological cancers between the 6 largest non-White ethnic groups in England and Whites. Overall, our findings indicate that there are considerable differences in the incidence of all 4 cancers by ethnicity; incidence rates for breast, ovarian and cervical cancer were highest among Whites, whereas the incidence of endometrial cancer was highest among Blacks. Furthermore, we found strong evidence of heterogeneity within the South Asian group, with Bangladeshis having the lowest rates of all 4 cancers. Our finding that breast cancer incidence was lower in non-White ethnic groups compared to Whites is broadly consistent with previous studies from the UK [5, [7] [8] [9] The particularly low incidence of breast cancer among South Asians, which has been reported elsewhere [5, 7] , can be largely explained by known risk factors. On average, South Asians in England have more children, are more likely to breastfeed, less likely to use HRT, much more likely to be a non-drinker, and have a lower average height than their White counterparts [19] [20] [21] [22] . Indeed, a recent prospective cohort study of women aged over 50 found that, once incidence rates were adjusted for known risk factors, rates among South Asians were similar to those of Whites [19] . Ethnic differences were also observed within the South Asian group, with Bangladeshis having much lower rates than both Pakistanis and Indians, even after adjustment for socioeconomic status. This finding is consistent with other research [7, 23] and may be related to the higher parity, greater likelihood of breastfeeding or younger average age at first birth of Bangladeshis compared to the other South Asian groups [22] [23] [24] . Furthermore, in contrast to Indians and Pakistanis, who experienced much higher rates than their countries of origin, rates Figure 1 Age-standardised incidence rates and rate ratios (adjusted by age and income) for breast cancer by ethnic group. Subgroups show rates and rate ratios subdivided by age. FCI -99% floating confidence interval; CI -99% confidence interval. Figure 2 Age-standardised incidence rates and rate ratios (adjusted by age and income) for ovarian, cervical and endometrial cancer by ethnic group. FCI -99% floating confidence interval; CI -99% confidence interval.
among Bangladeshis in our study were very similar to those reported in Bangladesh [2] . This suggests that Indian and Pakistani females may have adopted Western lifestyles and behaviours to a greater extent than Bangladeshi females. However, data on the prevalence of risk factors among Bangladeshis is very limited so further investigation would be needed to explain this disparity.
Moreover, contrary to expectations, we found that the rate ratio for South Asians compared to Whites was lower among under 50s compared to over 50s. Relative to older age groups, a much higher proportion of South Asians aged under 50 are UK born [25] . Therefore, we would expect the risk factors, and therefore incidence rates, for this group to be closer to those of Whites. Indeed, there have been significant falls in parity amongst South Asian women over the last 40 years (from 4 to 2.5) whereas the rate in White women has stayed fairly constant (less than 2) [22] . Although a previous study of breast cancer in ethnic groups found that rates for Bangladeshis and Whites were much closer in younger compared to older age groups, there was no clear effect of age among Indians or Pakistanis [7] .
Like other UK studies, we also found lower incidence rates of breast cancer among Blacks compared to Whites [5, 7] . Again, this difference can largely be explained by known risk factors, with Blacks having more children, being younger at first birth, more likely to breastfeed, less likely to use HRT and less likely to drink alcohol [19] [20] [21] . When analysed by age, there was a marked difference in the Black-White ratio between under 50s and over 50s, a finding that has been reported in other studies from the UK [5, 9] . This is despite the fact that parity amongst blacks (about 2) has not declined over the last 40 years [22] . Studies from the US have also reported a 'Black-White crossover', with higher rates of breast cancer in Blacks compared to Whites in the younger age groups and the reverse pattern in older age groups [9, 26, 27] . One study, which examined ethnic differences by molecular subtype, found that this age-related difference was largely due to high rates of triple negative breast cancer among Blacks in younger age groups and high rates of HR+/HER-breast cancer among Whites in older age groups [27] . However, it is unclear what risk factors would underlie these differences.
The low rates of breast cancer among Chinese in our study have been reported elsewhere in the UK [5, 7, 28] and are consistent with international comparisons, which reveal much lower rates of breast cancer in China compared to Western countries [2, 29] . Data from the Health Survey for England reveals a high prevalence of some protective factors among Chinese, including short stature, low BMI, and relatively low alcohol consumption [21] . However, Chinese women also have had the lowest parity of all ethnic groups in England since the 1980s [22] . We might also have expected rates to be lower in older Chinese women than in younger Chinese women due to the significant fall in parity over the last 40 years (from 2.2 in 1977 to 1.3 in 2006) but our results did not show any difference by age [22] .
Compared to breast cancer, very few studies have investigated the incidence of gynaecological cancers by ethnicity in the UK.As far as we are aware, this is the first study to compare the incidence of gynaecological cancers by their individual ethnic groups. ((i.e. Indian, Pakistani, Bangladeshi, Black African and Black Caribbean) as opposed to the artificially combined categories of ' Asian' and 'Black' as was done in the only previous study [5] . We observed lower rates of ovarian cancer among Blacks and South Asians compared to Whites, findings which are consistent with studies from both the UK and US [5, 30, 31] . These differences are likely to be attributed to the higher parity, longer duration of breastfeeding and lower HRT use among both these groups [19, 20, 22] . We also found evidence of intra-ethnic differences, with high incidence rates among Pakistanis and Black Africans relative to the other South Asian and Black groups. Low rates of oral contraceptive use among both these groups and low initiation of breastfeeding among Pakistanis may contribute to these higher rates [24, 32] . However, data on the prevalence of most risk factors by individual ethnic group is scarce. In contrast, rates of ovarian cancer among Chinese were similar to Whites. This is unexpected given that their rates of breast cancer (which shares several major risk factors with ovarian cancer [33] ) are so low. Rates were also higher than those reported in Hong Kong, where most Chinese in the UK originate from [29] . However, the results in Chinese are consistent with them having the lowest parity of all ethnic groups in England (as discussed above in relation to breast cancer) [22] .
The incidence of cervical cancer in our study was highest in Whites and results were broadly similar to those found elsewhere in the UK [5] . The particularly low rates that we observed among South Asians have previously been documented [5, 34] and may be due to the sexual behaviour of this group; although data is not available for Bangladeshis, Indians and Pakistanis tend to be older at first intercourse, have fewer sexual partners, and are less likely to be sexually active than their White counterparts [32, 35] . Similarly, incidence rates among Blacks, specifically Black Caribbeans, were lower than those of Whites. Data from both England and the US has previously revealed high cervical cancer incidence rates among Blacks relative to Whites [5, 36, 37] . However, these results are likely to have been confounded by socioeconomic differences. Indeed, before adjusting for socioeconomic status, rates among Black Africans were actually higher than those of White in our study. Nevertheless, our finding that rates were considerably lower among Black Caribbeans is somewhat surprising, especially given that there is very little difference between the number of sexual partners, average age at first intercourse and screening uptake of Black and Whites [32, 35, 38] .
In contrast with the other cancers studied, Blacks, specifically Black Caribbeans, had the highest rates of endometrial cancer and we found no difference in incidence between South Asians, Chinese and Whites. Indeed, previous reports from the UK have found small or no differences in incidence or mortality between South Asians and Whites [5, 34, 39] . Nevertheless, we found strong evidence of intra-ethnic differences in the South Asian group, with rates among Bangladeshis around 50% lower than those of Indians, Pakistanis or Whites. Again, the shortage of data on the prevalence of risk factors limits our ability to explain these disparities. However, the lower prevalence of obesity, high parity, and higher initiation of breastfeeding among Bangladeshis may contribute to these differences [21, 23] . The higher incidence of endometrial cancer among Blacks has previously been reported by the NCIN [5] . Racial differences in the prevalence of obesity, which is more common in Black compared to White females, may account for some of this disparity. However, in the US, where there is also a higher prevalence of obesity among Black females [40, 41] , incidence rates among Blacks are lower than those of Whites [42, 43] . Ethnic differences in the rate of hysterectomies could also contribute to these differences but, to our knowledge, there is no data available on hysterectomy rates by ethnicity in the UK.
Rates of breast, ovarian and endometrial cancer observed among the non-White ethnic groups were generally higher than their countries of origin [2] . Although this may be due to under-diagnosis or poor registration in these countries, it may also be indicative of migrants' lifestyles and reproductive behaviour becoming more similar to that of Whites. Indeed, a study of South Asians in Leicester found that rates of breast cancer among South Asians between 1990 and 1999 increased towards those reported for Whites, presumably due to younger generations adopting more western lifestyles and reproductive behaviours [44] . Cervical cancer rates, on the other hand, were lower in our study compared to data from the countries of origin [2] . This is likely to be due to the better quality and coverage of cervical screening in this country compared to less-developed countries [45] , which can allow for detection and treatment of precursor lesions [46, 47] .
To our knowledge, this is the first study to compare incidence rates of breast and gynaecological cancers between the 6 biggest non-White ethnic groups in England. Previous studies have reported breast cancer incidence among these groups but were limited to a single cancer registry [7, 9] . Our use of self-assigned ethnicity was one of the major strengths of this study. This method of classifying ethnicity has a number of advantages over older systems, such as name analysis or the use of death certificates. Importantly, it allowed us to distinguish between similar ethnic groups, revealing patterns which would otherwise be concealed under the broad groupings of South Asian or Black. Furthermore, unlike the use of death certificates, it allows us to identify UK-born individuals, not just those born in other countries. It also overcomes the issue of numerator-denominator bias as the same measure of ethnicity is used for both cases (numerator) and persons at risk (denominator) [3] . Another important strength of our study is that we adjusted for socioeconomic status which is a potential confounderin studies of health and ethnicity due to the variations in deprivation between the different groups [25, 48] .
One of the main limitations of this study is the lack of individual-level information available on risk factors. Population-level data on reproductive and lifestyle factors is available for the major ethnic groups [19, 20, 22, 23] , allowing us to make broad ecological comparisons and generate hypotheses. However, there is very limited data for the individual ethnic groups and further investigation is needed in this area. Another limitation is the proportion of missing ethnicity data. Information on ethnicity was missing in approximately 20% of cases. However, this figure is much lower than previous studies conducted on earlier data [7, 9] and assigning ethnicity values to missing data using multiple imputation in our sensitivity analysis made no difference to our results. While the results from the imputation analyses are reassuring, they should be interpreted with caution. Multiple imputation is based on the assumption of missing at random. If this assumption does not hold, (i.e. if persons from ethnic minorities are less likely to report their ethnicity), the results may be biased [49] .
Conclusions
The results of this study provide evidence of considerable differences in the incidence of breast, ovarian, cervical and endometrial cancer by ethnic group in England. Several of these differences are novel findings which cannot be readily explained by known risk factors. These include the high rates of endometrial cancer among Black Caribbeans, and the relatively high rate ratio for ovarian compared to breast cancer among Chinese. Furthermore, by analysing individual ethnic groups, we were able to identify considerable intra-ethnic differences among South Asians, in particular the unexplained low rates among Bangladeshis for all 4 cancers. Therefore, our results highlight the importance of distinguishing between different, closely related, ethnic groups and illustrate the need for further research into the aetiology underlying variations in the incidence of these cancers between different ethnic groups.
